The purpose of this article is to explore the relative merits of capital accumulation and efficiency catch-up in the convergence patterns of labor productivity in theICT (Information and Communication Technologies) sector in a set of developed countries. It is the first convergence analysis of ICT carried out from the non-parametric kernel approach and using an intertemporal data envelopment analysis (DEA) to estimate the efficiency of the analyzed countries. Special care has been paid to the dataset construction, using hedonic prices and unit value ratios because of the nature of the industry. The appropriate technology theory extended with non-immediate spillovers is the theoretical framework used to interpret the obtained results. These show thatlabor productivity, technology and efficiency have moved from a unimodal towards a bimodal distribution over time, beginning the 21 th century with two convergence clubs of countries. The conclusions obtained from these results show that while capital intensification offer opportunities to benefit from new knowledge developed by the leaders, assimilation of this knowledge is not immediate and its speed depends upon the social and technological capabilities of the followers. Policy decision-makers should be aware that the choice of the technology has to be complemented with the development of other actives to benefit from all its potentialities.
Theoretical and empirical contributions generated a prolific debate on convergence following the contribution of Barro and Sala-i-Martin (1991 , 1992 . Finally, two positions can be differentiated: while neoclassical models consider that disparities will tend to be reduced or even eliminated in the long run, endogenous growth theories show that disparities may continue, due to certain institutional factors. Furthermore, Quah (1993a Quah ( , 1993b Quah ( , 1996a Quah ( , 1996b introduced the new concept of convergence "clubs" into this debate, opening up the possibilities of polarization around different leader countries. Additionally, the multi-country Schumpeterian model of Howitt (2000) developed a theory of "club convergence" in which convergence occurs by means of technology transfer. To benefit from this, countries must spend on R&D, as this is a necessary channel for technology transfer. To date, empirical evidence does not offer a conclusive result and the debate remains open.
In this context, this paper may be seen as a new contribution to this convergence literature. It is intended to fill some gaps of the previous studies applying a more accurately non-parametric methodology to a singular and relevant industry and interpreting the results in the context of a new theoretical framework: that of the Basu and Weil (1998) model, extended with non-immediate spillovers as Los and Timmer (2005) proposed (see next section). In this way, different national development paths shall arise, clarifying the relevance of having adequate or complementary actives and skills to exploit the investment in more advanced technologies.Capital deepening has been the traditional factor of growth, but in the new growth theories (Aghion & Howitt, 1998 other factors such as technological capital, human capital, or institutions have proved their relevance. In this framework, assimilation depends upon the implementation of complementary reforms.
The main novelties of the present study are the following. First of all, empirical analysis shall be based on a non-parametric approach. A kernel analysis will be applied offering a convergence analysis of labor productivity, technological levels (Note 2), and efficiency. Previously, efficiency scores will be estimated using an intertemporal data envelopment analysis (Note 3). Acting in this way, a link between the macroeconomic convergence literature and the (deterministic) frontier production function literature, already established by Färe, Grosskopf, Norris and Zhang, Z. (1994) and some years later developed by Kumar and Russell (2002) , is achieved. As these last authors point out, this non-parametric approach has advantages over the standard (regression-based) growth-accounting literature: it requires no specification of functional form, presumes no particular institutional or market structure, and does not require neutrality of technological change. Furthermore, using kernel analysis, the shift over time in the entire distribution of productivity is accounted for, in contrast with other convergence methods based on first moments of the distribution.
Secondly, and unlike other previous works which study aggregated economies (Kumar & Russell, 2002; Färe, Grosskopf, & Margaritis, 2006) , this article follows a sectorial approach which allows a more accurate study of convergence/divergence patterns in OECD countries (Bernard & Jones, 1996a) . This is due to the fact that convergence driven by technology diffusion occurs at level of industries (or products) rather than at aggregate level. For that reason, if countries experience different patterns of industrial specialization, convergence at industry level might not be reflected in aggregate studies. On the other hand, sector-specific analyses allow a better approach to the empirical operationalization of the appropriate technology concept. In this article, the sector object of analysis is, as it has already been explained, ICT-producing manufacturing industries.
Thirdly, special attention is paid to the accurate measurement of the variables used in the article, due to the nature of the industry and the difficulties of international and intertemporal productivity analysis (OCDE, 2001) . By one hand, Inklaar et al. (2003) expose the rapid quality change that suffers the ICT industry and so, the need to properly deflate current values by hedonic prices. On the other hand, Inklaar and Timmer (2007 , 2009a , 2009b offer a systematic analysis about the consequences of measurement error in productivity comparisons. The present study is the first, to our knowledge, that uses hedonic prices to have a proper measure to analyse convergence in ICT industry.
The rest of the article is organized as follows. The section 1.2 presents the theoretical framework; the second section sets up the methodological issues and the database used in the research; the third section exposes the results of the convergence analysis. The article finishes with a discussion section.
Literature Review and Theoretical Framework
The bulk of past studies about labor productivity have assumed technical efficiency and for that they have not considered its variation as a source of labor productivity growth and convergence. In the same way, this last one has been usually contrasted in its meaning of β-convergence inside the neoclassical framework. However, the empirical evidence has prompted the development of new theoretical models and the use of empirical methods that allow to explain and to measure different patterns of convergence/divergence between countries.
Earlier studies of the process of convergence in labor productivity did not consider the existence of technical inefficiency, attributing erroneously its changes to the effect of technical progress (Note 4). Only in the last decade, some papers began to consider changes in relative technical efficiency as a factor of convergence/divergence in labor productivity between countries (Note 5). Among these papers, only Kumar and Russell (2002) , Färe, Grosskopf, and Margaritis (2006) , Salinas-Jiménez, Álvarez-Ayuso and Delgado-Rodríguez (2006) & Margaritis, Färe, and Grosskopf (2007) apply kernel density methods to study labor productivity convergence (Note 6). Nevertheless, they do not connect convergence analysis with the extended Basu and Weil theory as the present study does. This theory was first used (and extended) to interpret convergence analysis by Los and Timmer (2005) , although not using kernel but β convergence analysis. Basu and Weil (1998) introduced a new theoretical model of international growth dynamics which may explain the patterns of international convergence and divergence observed in developed economies.
In this model, technology is a specific combination of production factors. For instance, in the case of two inputs, technologies are considered similar if capital/labor ratios are comparable. Higher capital/labor ratios denote more advanced technologies with higher maximum labor-productivity levels, while the maximum attainable labor-productivity for a given technology is called "target". As Basu and Weil (1998) put forward, there are two opposite forces working in growth processes. The first is the immediate spillover effect stemmed from the public nature of new knowledge on production technologies, an old assumption already pointed out by Solow (1956) . The second is a new assumption which considers that new knowledge can only be "assimilated" by follower countries that produce with "appropriate" technologies (i.e., similar to the innovator's technology). Innovation is made by leaders and involves "localized" shift in a part of the production possibility frontier, not in the whole possibility frontier. Changed part is that related with the neighbourhood of the specific combination of production factors currently in use by leaders (Note 7). If innovation would take place at similar rates across technologies, Solow results would occur. However, Basu and Weil consider that innovation is "localized" at high-end technologies (Note 8) For this reason, countries operating low-end technologies may fall behind world's technology leaders. Because of this, capital intensification is a pre-condition for being able to benefit from international technological spillovers in the long run. Only when a country has increased its capital/labor ratios to levels comparable to those of countries in which most innovation takes place, such country can start benefitting from global technological change.
More recently, Los and Timmer (2005) applied this theoretical framework proposing a third determinant force on convergence and divergence patterns among countries: differences in the speed of spillover assimilation. Assimilation of new technologies is a costly (Note 9) and slow process. Following these authors, the assumption of immediate spillover of appropriate technology needs to be relaxed, entailing heterogeneous assimilation rates. The ability of a given country to assimilate appropriate knowledge should be considered as an additional and separated determining factor of growth, which works jointly with localized innovation and investment in capital. This ability depends on social and technological capabilities, using Abramowitz's terms.
Methodology and Data
In this section, a detailed explanation of the methodological issues and the data is carried out. Firstly, the methodology followed to accomplish the convergence measurement is described. Next, the method implemented to calculate the efficiency scores of each country is explained. Finally, a small section is devoted to disclose the sources of information and the sample.
Convergence Measurement
Convergence measurement may be carried out in different ways according to the concept or meaning attributed to such term (Note 10). A first meaning of convergence is related with the concept of homogenization which refers to a reduction in dispersion among a set of coutries in terms of some measure of performance. A second meaning of convergence is the concept of catch-up which refers to a narrowing in the percentage gap between the leading country's performance in the studied variable and that of the other countries in the sample. Barro and Sala-i-Martín (1992) coined the term σ-convergence and β-convergence respectively to refer to these two concepts.
Although, homogenization and catch-up are concepts of considerable relevance, reality is likely to provide cases in which relationships are more complex than pure homogenization or catch-up. For instance, the leader can pull ahead of the pack with the followers catching up only after considerable delay or most followers may pull closer to one another, but not to the leader. The importance of considering the entire dynamic of cross-sectional productivity distribution is emphasized by Quah (1996c Quah ( & 1997 . As this author point out, convergence analysis relying on the first moments of a distribution cannot capture this dynamic. To evaluate the mobility patterns or www.ccsenet.org/res Review of European Studies Vol. 4, No. 5; intra-distribution dynamics it is necessary to resort to measurement tools such as kernel density functions. These functions are a non parametric method performing direct estimations of density functions. Using this tool to measure convergence allows us to maintain methodological coherence with the non-parametric approach (DEA) used in the present article to measure the efficiency of the countries (see next section).
For all these reasons, non-parametric kernel density methods will be used to determine shape and mobility dynamics in labor productivity (Y/L), capital/labor ratio (K/L) and efficiency score (EFI) distributions over time.
Homogenization and catch-up concepts have their corresponding measurement by applying kernel density functions. When the shape of the estimated density functions shows that probability mass tends to be more concentrated around a certain value over time, convergence (homogenization) is achieved. In contrast, the opposite outcome (divergence as heterogenization) would imply probability mass being increasingly spread across a wider range. Again, when probability mass tends to be more concentrated around the leader value, convergence (catch-up) occurs. Moreover, there are lots of additional outcomes such as different modes emerging or vanishing with different economic implications. Despite the fact that the dynamic performance of a distribution may not offer a clear pattern towards homogenization or heterogenization, intra-distribution mobility may show catch-up patterns. For instance, a general divergence (heterogenization) pattern may occur with an only group catching-up with the leader. In addition, changes in relative positions may be taking place without being reflected in the shape of density functions.
There is a wide variety of tools to estimate density functions non-parametrically. Histogram is the simplest one; however, its shortcomingssuch as having to choose an origin and bin width do not always provide accurate data-view. In contrast, kernel smoothing provides more accurate data analysis, needing no data parametric structure (unlike histograms). Although it is not the only method for uncovering data structure, its advantages make it the most widely applicable method on multiple variables, while its attributes are easy-to-understand (Note 11).
A kernel density estimate of a univariate density f based on a random sample X i ,i= 1,…n is:
where h>0 is bandwidth (or window-width) and K denotes the kernel function for which the normal (Gaussian) one has been chosen (Note 12). Bandwidth h determines the smoothness of estimated density, with a small h leading to an estimate with high variability and a large h to a smoother density estimate. The kernel density estimate of a series X at a point x is estimated by equation (1). This equation shows how smoothing is performed, by awarding a lower weight to observations X i that are further from the point under evaluation. In our empirical application, X i will refer firstly to the (log) level of labor productivity in country i in a particular time period. The choice of bandwidth is critical to determine shape of density. Silverman's (1986) method will be applied to determine optimal window-width for labor productivity levels over time, with a bracket option of +/-0.5 optimal h to show estimations' sensitivityto bandwidth. The same steps will be applied to capital intensity and efficiency levels.
Efficiency Measurement
The DEA technique, based on mathematical programming, has evolved considerably since it first appeared in the seminal paper of Charnes, Cooper and Rhodes (1978) . Specifically, multiple extensions of the initial model have been attempted to adapt the mathematical formulation and the process of obtaining efficiency indices to the peculiarities of the particular sector analyzed, to the nature of the variables constituting the analysis, or to the aims of the research in question (see Cooper, Seiford, & Zhu, 2004; Thanassoulis, 2001) .
From among the different proposals provided by the literature, the approach suggested by Tulkens and Van den Eeckaut (1995) to constructing reference production sets from alternative time-related observations subset is of particular interest for the task at hand. These authors explain that in the presence of a time dimension in the data, the estimation of the efficiency scores may be alternatively accomplished on a contemporaneous production set or on a sequential one. The first consists of comparing the data of the evaluated unit with a reference production set constructed at each point in time t from the observations made at that time only. In this approach it is supposed that the frontier in each period envelops the observations from this period only. Under this assumption the technology of previous periods may be unfeasible in the following periods, that is, sometimes the frontier may move inwards indicating some "technical regress" (Shestalova, 2003) . The second possibility (sequential www.ccsenet.org/res Review of European Studies Vol. 4, No. 5; approach) consists of evaluating the efficiency of each unit in time t with reference to a frontier empirically constructed from the data previous to that time t corresponding to all of the evaluated units. In this last way it is assumed that all the preceding technologies are also feasible. The frontier in a certain time envelops all data points observed up to this time, which eliminates the possibility of registering any regress by definition.
The choice of one of these approaches logically influence the way in which the empirical estimations of the efficiency scores are calculated. In the contemporaneous approach these scores are obtained by means of the solving of DEA mathematical program problems like the one in equation 2:
where X and Y are respectively the (m x n) and (s x n) vectors of the m inputs and the s outputs of the n evaluated observations,  Z the efficiency score of unit Z, and  is a (n x 1) vector of non-negative scalars.
In the sequential approach these problems are converted into problems like that in equation 3 , to each observation (country in our case), that is to say, the reverse of the efficiency productive score  in the Farrell (1957) sense. The value of   corresponds to the efficiency score of country Z, i.e., the ratio between the maximum output achievable (value added Y on the frontier) from the physical capital stock (K) and annual working hours (L) used by this country and the actual output produced by it. This ratio represents the distance of country Z from the frontier of best practices. In problem 3 the reference frontier of estimations is the sequential one which aggregates the best practices from the beginning of the period under analysis (see the left hand of the restrictions of problem 3).
The solution of equation 3 is the way that will allow us to achieve the variable EFI whose convergence pattern we analyze in section IV (Note 13). The sequential approach is especially attractive to the analysis carried out in our paper given that in the sector analyzed (ICT industries) the hypothesis of technical regress seems difficult to defend from a knowledge perspective on technology, as it would involve forgetting . Additionally, the use of ansequential approach increases the number of observations taken into consideration when constructing the reference production frontier (Shestalova, 2003) , something quite important in our empirical analysis, given the reduced size of the sample of countries. This approach is very innovative within the field of literature on economic growth. Up to date, it has only been applied in Los and Timmer (2005) , Timmer and Los (2005) and Henderson and Russell (2005) , all of them at aggregate level.
Sources of information and the Sample
To finish the presentation of the empirical issues on which our estimations are based, we devote this section to briefly explain the sources of information and construction process of the variables.
As it was said in the introduction, the analysis of the ICT industry is referred to the last two decades of the 20 th century and to a selected group of developed countries: Canada, Finland, France, Italy, Spain and USA. Due to the nature of ICT industries, many measurement problems arise when a true deflator and a PPP rate are required. Thus, the sample has been selected on the basis of the homogeneity of the methodology used to measure the variables employed in developing the present study The variables used in the convergence analysis are labor productivity (Y/L), technology (capital intensity K/L, in the sense of Basu and Weil, 1998) and efficiency (EFI). These last have been estimated by means of DEA.
The value added (Y) is measured following a careful process. Data on gross value added (GVA) are taken from the STAN (Structural Analysis) database of the OECD. We shall apply the following adjustments, bearing in mind that the industry under study is very sensitive to measurement problems and the sample considers different countries and years. Firstly, we shall apply hedonic prices to deflate value added. Secondly, we shall use unit value ratios (UVRs) to convert value added into dollars. Thirdly, the value added of each country must be adjusted by the output gap in order to avoid procyclical behaviour of labor productivity. Next, each stage of this adjustment process is explained in more detail.
Pilat and Lee (2001) show, that the use of hedonic vs. traditional deflators produces clear differences in the performance of economics variables of ICT goods which are so much exposed to quality changes. Next, given that Scarpetta, Bassanini, Pilat and Schreyer (2000) highlighted that the different position of the countries in the cycle is one of the inherent complications in international comparisons of production levels and short-term economic growth, we decided to calculate the trend behaviour by using the procedure of Hodrick-Prescott (1997) .
Concerning to capital (K), gross fixed capital formation at current prices was taken from the STAN database. The variable was expressed in real units from 1997 and converted into US dollars of the same year by using the gross fixed capital formation PPP of the different countries calculated for OECD. With these figures, accumulated stocks of physical capital (K) were calculated by applying the perpetual inventory method frequently used in empirical literature.
The labor factor (L) was approximated by the number of hours worked in the ISIC 30-33 sector of the countries analysed, information published by the GGDC.
Finally, the efficiency scores (EFI) were estimated through an intertemporal DEA method (see the former section) using the previous variables: value added (Y) as output and the physical capital stock (K), and annual working hours (L) as inputs.
Results
As it was said in section II, Basu and Weil (1998) consider the existence of two opposed sources in growth processes: the spillover effect driving towards convergence and localized innovation driving towards divergence if countries operate with inappropriate technologies (not similar capital/labor ratios to those of the leaders). On the other hand, Los and Timmer (2005) , considering that spillovers are not immediate due to the different social or technological capabilities of recipients countries, find that differences in the speed of knowledge assimilation is another factor of divergence. This theoretical framework is used to interpret the results of the convergence analysis of labor productivity (Y/L), capital intensity (K/L) and efficiency (EFI).
The application of the kernel density methods previously explained to the data of the ICT producing industry in the selected developed countries allows us to conclude a progressive movement towards two convergence clubs in terms of labor productivity along the period 1979-2001, as well as to disentangle the possible sources of this movement. Certainly, the evolution of labor productivity distribution is conditioned by the distributions over time of capital/labor ratio and efficiency distribution, as Kumar and Russell, 2002, explain (Note 15) . Efficiency score is the distance between the labor productivity of a country and that of the frontier country both having a www.ccsenet.org/res Vol. 4, No. 5; similar capital/labor ratio (Note 16); in consequence, efficiency score over time depends on the movements of the reference frontier country (innovation) and the movements towards the frontier that the follower country makes (catch-up).
Review of European Studies
The distribution (smoothed histograms of the logarithm of labor productivity, i.e. LNPROD) for the crosssection of countries over time is shown in Figure 1 , after axis and bandwidth unifications have been applied (Note 17). There is evidence to suggest a labor productivity improvement marked by rightward shifts in the modes of the respective distributions over time. The probability mass of the distribution has spread and the range of the density function has increased. It seems from empirical kernel estimates that the distribution of labor productivity shifted from unimodal in 1981 to bimodal by 2001. Regarding the intradistribution movements, at the beginning France occupied the first position and Spain the last one, while the remainder countries were placed around the mode (See Table 1 ). Spain remains in the last position over time while USA, from penultimate position, goes forward until reaching the top in 2001. In this year it can be found that the high-productivity club includes USA, Finland and France. Scarpetta et al. (2000) already showed that Finland and USA already appeared between the countries in which ICT-producing industries have had more labor productivity growth. The second group of countries, or low-productivity club, consists of Canada, Italy and Spain (Note 18).Then neither homogenization nor catch-up has been place as a general trend in the ICT sector of these countries. Bimodality at the beginning of the century is also the result found by Margaritis, Färe and Grosskopf (2007 ) in OECD countries (1980 . However their paper uses data of the whole economy of each country, while our data are taken from a single sector, and sectorial and aggregated tendencies can show very different paths. Kumar and Rusell (2002) , for a sample of developed and underdeveloped economies in years sustained the hypothesis of bimodality in aggregated labor productivity at the beginning of nineties. Similarly to our results, Färe et al. (2006) Next, applying kernel analysis over capital intensity and relative efficiency we can show the possible sources of labor productivity bimodality. By applying kernel analysis to capital/labor ratios, it seems that technology distribution shifted from unimodal in 1981 to bimodal by 2001, as shown in Figure 2 . The probability mass spread and the increase in the range of the density function provides evidence of technological divergence in the ICT industry. Rightward shifts in the modes of the respective distributions over time simultaneously suggest a process of capital intensification. Analysis of individual countries and their mobility within the cross-sectional distribution shows that France and Italy began in a first and second position, being gradually nearly overtaken by Spain and USA (See Figure 2 and Table 2 ). This last country developed a great process of capital intensification reaching the first position. Finally, USA and France, followed by Italy and Spain, are in the club of more capital/labor technologies, while Finland and Canada rest on a less intense capital use. In sum, technological catching-up with high-end countries has not been a general pattern, which is a prerequisite for being able to benefit from international spillovers. Table 3 . Capital-labor ratios As Basu and Weil (1998) points out, new knowledge can only be assimilated by follower countries that produce with appropriate technologies, that is, similar capital-labor ratios to the innovator's technology. Two clubs have emerged in this period in terms of capital intensity, conditioning the spillover potential of the follower countries. The appearance of two clubs in performance could point to the difference in industrial specialization within the ICT-sector, and consequently in their different capital deepening. As Pilat et al. (2000) argue, much of the ICT hardware is highly concentrated because of its large economies of scale and high entry costs; while, some countries mainly produce peripheral computer equipment where technical progress is more limited than in the production of computers and semi-conductors. As innovation is made by high-end technologies countries, not operating in the neighbourhood of their correspondent capital intensity levels carries on that followers cannot start benefiting from global technological change. Dissimilar to Kumar and Russell (2002) for previous years and the whole economy, capital accumulation does not appear as the main responsible for the emergence of the bimodal distribution of labor productivity in ICT industry because the member countries of each distributions www.ccsenet.org/res Vol. 4, No. 5; groups are not the same . However, the effective realization of the spillover potential corresponding to each capital/labor ratio can be reflected in efficiency scores, as we will show subsequently.
The kernel analysis of the efficiency scores over time shows the achievement of that spillover potential. Results are shown in Figure 3 and Table 3 , showing the evolution of efficiency distribution for some years. The most important feature is a trend toward divergence, as probability mass tends to be increasingly spread across a wider range. Furthermore, dispersion of relative efficiency levels has increased. Interpretation is a trend opposite to catching-up, as the gaps between the frontier countries' efficiency level and that of others become wider. Gradually, the features dominating the final situation are not only a much higher dispersion level but also a very different shape from the initial situation. Hence, while at the beginning unimodality is clear, it becomes a twin-peaks distribution by 2001. It is as well to remember that efficiency scores are the result of comparing the performance of each country with the best practice by using the same technology (capital/labor ratio). The observed backward movement in mode values (especially in 90s) could be explained by technological improvement (capital intensification) or by localized shift in the global frontier (innovation). Because of these, the distance to the new frontier usually increases and also does the potential to receive spillovers; but that potential could not be developed depending on the different abilities of countries to assimilate knowledge spillovers if they lack the appropriate social and technological capabilities. This behaviour would give support to the hypothesis of heterogeneous assimilation rates pointed out by Los and Timmer (2005) . This transition in the ICT industry kernel distribution can occur simultaneously with changes in the countries' relative efficiency scores ranking (See Table 3 ). This is quite plausible in an industry undergoing rapid change, where countries may be more or less efficient than others in any particular year, but this ranking may not stand still. Beginning with a unimodal distribution headed by France, Canada and Finland (efficiency scores equal to unity), followed by USA, Italy and, in the last position, Spain, a bimodal distribution is reached in 2001 with USA, Finland and France included into the most efficient set, and Canada, Italy and Spain as the least efficient set. Spain shows persistence as it remains at the last position, even widening its distance to the frontier over time.
Italy is gradually losing efficiency and, as it moves back in the efficiency score ranking, it brings into line with the group of follower countries. Canada, maintaining an efficient position since the beginning, finally also joins this group as a consequence of capital intensification (see Table 2 ). USA takes off in the 1990s, winning positions in this efficiency ranking. It is worth to underline the different paths followed by Canada and Italy. Canada accomplishes great capital intensification in the 1990s, which explains its temporary efficiency loss. On the contrary, Italy has carried out a relatively small capital intensification effort in last years, remaining then in a low relative efficiency position. As in Salinas et al. (2006) for the whole European economies, efficiency movements appear to be the main factor behind labor productivity bimodality at the end of the past century: countries in the high and low clubs are the same in productivity and efficiency distributions. The stories of Finland, Canada and Spain obtained for the aggregated economy in Margaritis et al. (2007) are similar to our results in terms of the efficiency distribution in ICT. To sum up, different conclusions on the performance of all members in the sample can be drawn from the kernel analysis. Firstly, while improvement in labor productivity and technology has taken place, efficiency levels have gone down. This is not surprising if one considers that purchase of superior technology usually involves efficiency level deterioration initially. On the other hand, it also implies the creation of opportunities to benefit from new leader spillovers at the future. Secondly, heterogeneity has increased in labor productivity as well as in technology and efficiency between these OECD countries during the analysed period. Thirdly, the three variables have evolved from unimodality to bimodality, finally showing distributions with two clubs. On one hand, USA, Finland and France evolve to a club with higher labor productivity and efficiency level, while Canada, Italy and Spain end up in the club of lower levels in these variables. On the other hand, USA and France, followed by Italy and Spain, use higher capital/labor technologies, while Finland and Canada integrate a less capital-intensive group. These capital/labor differences could be explained by a different pattern of industrial specialization within this ICT sector (Note 19), but the analysis of these field overpass our present task.
Conclusions
Following the theoretical framework of Basu and Weil (1998) and Los and Timmer (2005) , this article has applied a kernel analysis to study convergence paths in the ICT-producing manufacturing industry of six developed countries within the two last decades of the 20 th century. This is the first study that applies this theoretical framework and non-parametric methods to the ICT sector, a relevant industry in the transition of the two centuries. Due to the nature of this industry, special attention was paid to variables measurement by using hedonic deflators and unit value ratios to reach accurate international comparison over time.
The application of kernel analysis has allowed us to observe convergence patterns of these countries in terms of labor productivity, technology and efficiency. This analysis offers a more accurate methodology to explore different convergence concepts (homogenization and catch-up), in the same way that information on intra-distribution mobility and distribution shape. In the cases of labor productivity and efficiency, distributions move from a unimodal distribution towards a bimodal distribution over time, with two clubs of countries at the beginning of the 21 th century: the first group containing USA, France and Finland, with high productivity and efficiency levels; while the second group is formed by Canada, Italy and Spain, with low productivity and efficiency levels. In terms of technology, their distribution also moves from a unimodal to a bimodal distribution: Finland and Canada belong to the low capital-intensity club, while the high-medium capital intensity club is formed by USA and France (with the highest levels), together with Italy and Spain.
According to the obtained results, a pattern of industrial specialization should be selected based on a Basu and Weil type of model augmented with non-immediate spillover. On the one hand, the economic policy design have to consider that the selection of capital -intensive technologies extends the possibilities of spillovers from the innovative leader, provided that the country has the complementary actives to benefit from those. Although, in the short run, more costly in terms of relative efficiency losses, this option will increase the growth rates of the country and will drive the efficiency convergence with the leader in the future. If the country does not have those actives, the development of them should be a policy task because the absence of them will diminish the spillovers assimilation possibilities.
On the other hand, policy-decision makers should be aware that the selection of less capital-intensive technologies, more appropriate with the actives (human capital, labor skills, technology capital, institutions, complementary industries…) owned by the country, although less costly in terms of relative efficiency in the www.ccsenet.org/res Review of European Studies Vol. 4, No. 5; short run, will cut the assimilation possibilities of the spillovers stemming from the innovative leader, as well as the growth rates of the country in the long run.
What is the reason behind the appearance of these different clubs? The answer to this question is worth to become the matter of future research. Different endowments of human capital and R&D, complementary industries, as well as country institutions and regulations may be good candidates for future explanations. Data limitations for the analysed period, due to the especial character of the ICT industry, have also limited the research to more countries and a longer period. Availability of a larger sample, in terms of countries and years, will allow us to deepen the ultimate determinants of the different clubs in the future.
